Introduction {#Sec1}
============

The superconductor-insulator transitions observed in a wealth of various systems^[@CR1],[@CR2]^, are often grouped into two distinct categories depending on the presumed mechanism of superconductivity suppression --- fermionic^[@CR3]^ or bosonic^[@CR4],[@CR5]^. The fermionic scenario assumes that disorder destroys the Cooper pairs, and that the further increase of disorder leads to localization of normal carriers and formation of the insulating state. In this case, as the normal state sheet resistance $\documentclass[12pt]{minimal}
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                \begin{document}$${T}_{BKT}$$\end{document}$, at which the global phase coherence establishes, reduce down towards zero temperature. Then the superconductor-normal metal transition (SMT) occurs due to the complete disappearance of the Cooper pairs, and the suppression of $\documentclass[12pt]{minimal}
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                \begin{document}$${R}_{\square N}$$\end{document}$ growth is well described by the Finkel'stein formula^[@CR3]^. Such a behaviour is observed, for example, in thin films of niobium nitride NbN^[@CR6],[@CR7]^. In the bosonic scenario, increasing disorder localizes Cooper pairs, which survive across the SIT and maintain in the insulating state. Accordingly, as $\documentclass[12pt]{minimal}
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                \begin{document}$${T}_{BKT}$$\end{document}$ is suppressed down to zero at the SIT. In this scenario the SIT occurs across a single point of the metallic phase with the critical sheet resistance $\documentclass[12pt]{minimal}
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                \begin{document}$$\Omega $$\end{document}$^[@CR5]^. Experimentally, the critical sheet resistance at the SIT is not universal and varies in the range between approximately $\documentclass[12pt]{minimal}
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                \begin{document}$$3{R}_{q}$$\end{document}$. The direct disorder-driven SIT is observed, for example, in indium oxide InO$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${}_{x}$$\end{document}$^[@CR8]--[@CR10]^ and titanium nitride TiN^[@CR11],[@CR12]^ films. The possible intermixing of two scenarios was observed, for example in^[@CR13]^. The review of the materials manifesting the SIT via the Bose metal state is given in^[@CR14],[@CR15]^, see also^[@CR16]^. Until recently, the interrelation between these mechanisms and especially the nature of the intermediate Bose metal^[@CR17]--[@CR22]^ have been remaining not completely understood and have been intensively debated^[@CR2],[@CR15],[@CR23]^. It is proposed in^[@CR16]^ that the intermediate Bose metal is a bosonic topological insulator with its conductance provided by topologically protected edge Cooper pair states.

In what follows we report our measurements of the disorder-driven SIT taken on the three sets of Nb$\documentclass[12pt]{minimal}
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                \begin{document}$${}_{x}$$\end{document}$N films grown by ALD technique. The difference between the sets is achieved by the slight variation of ALD parameters, the fraction $\documentclass[12pt]{minimal}
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                \begin{document}$${T}_{ALD}$$\end{document}$, a smooth crossover from the SMT to the SIT occurs. We show that the intervening Bose metal emerges if the sheet resistance of the film at the maximum, $\documentclass[12pt]{minimal}
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                \begin{document}$$4{e}^{2}$$\end{document}$. We reveal that the perpendicular magnetic field turns Bose metal into an insulator.

Samples Preparation and Characterization {#Sec2}
========================================

We grow NbTiN films, by employing the atomic layer deposition (ALD) technique based on the sequential surface reaction step-by-step film growth. This highly controllable process provides superior thickness and stoichiometric uniformity and an atomically smooth surface^[@CR24],[@CR25]^ as compared to chemical vapor deposition, the standard technique used to grow NbTiN films^[@CR26]^. We used NbCl$\documentclass[12pt]{minimal}
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                \begin{document}$${}_{5}$$\end{document}$ cycles during growth^[@CR27]^. The superconducting properties of these ultrathin NbTiN films were optimized by utilizing AlN buffer layers grown on top of the Si substrate^[@CR28]^. All films have a fine-dispersed polycrystalline structure^[@CR29]^ with the average crystallite size being $\documentclass[12pt]{minimal}
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                \begin{document}$$x=0.33$$\end{document}$ in Set-3. Films within single Set are grown varying the number of ALD cycles, that provides films of different thickness $\documentclass[12pt]{minimal}
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                \begin{document}$$d$$\end{document}$. The parameters of samples are given in the Table [1](#Tab1){ref-type="table"}. The Hall carrier density $\documentclass[12pt]{minimal}
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                \begin{document}$${}^{-3}$$\end{document}$ which is one order smaller that in NbTiN films examined in^[@CR30]^.Table 1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${T}_{ALD}$$\end{document}$ is the deposition temperature; $\documentclass[12pt]{minimal}
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                \begin{document}$${T}_{c}$$\end{document}$ is the critical temperature determined from the SF-fits; $\documentclass[12pt]{minimal}
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                \begin{document}$$n$$\end{document}$ is the Hall carrier density (see [SI](#MOESM1){ref-type="media"}). In all investigated Nb~1−x~Ti~x~N films the mean free path is very small (same order as lattice constant), so all samples are in dirty limit $\documentclass[12pt]{minimal}
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Results and Discussion {#Sec3}
======================

 Figure [1](#Fig1){ref-type="fig"} presents the temperature dependencies of the sheet resistance $\documentclass[12pt]{minimal}
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Metal with Cooper pairing {#Sec4}
-------------------------
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\square }(T)$$\end{document}$ either increases exponentially (S3-1, S3-0) evidencing that the system transforms into an insulating state (thinner films, not shown in Fig. [1(c)](#Fig1){ref-type="fig"}, are insulators^[@CR40]^) or saturates (samples from S3-5 to S3-2), evidencing these films fall into the Bose metallic state, harboring a finite density of free vortices. Note that already the early study of the ultrathin amorphous Ga films have demonstrated^[@CR41]^ the role of the relation between the normal state sheet-resistance (taken at 14 K) and the quantum resistance, in determining whether the film falls into a superconductor or saturates at lower temperatures to some metallic state.

Magnetic field reveals a huge difference between $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\square }(B)$$\end{document}$ corresponding to the samples S2-1, S3-5, S3-4, S3-3 and S3-2 ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\max } > {R}_{q}$$\end{document}$) exhibiting the Bose metal and samples S2-2, S2-3 ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\max } < {R}_{q}$$\end{document}$) (Fig. [1(d)](#Fig1){ref-type="fig"}). The magnetoresistance of samples with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\max } < {R}_{q}$$\end{document}$ appears only in strong magnetic field (we do not see maximum for S2-2 and S2-3 since for superconducting samples it appears at higher fields^[@CR12]^). The magnetoresistance of Bose metal films shoots up with slight increase of magnetic field from zero, then $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\square }(B)$$\end{document}$ reaches a maximum, followed by decrease of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\square }(B)$$\end{document}$. Both observed features, the magnetoresistance (MR) peak and the fast increase of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\square }(B)$$\end{document}$ in weak magnetic field, become more pronounced with the increasing $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${R}_{\max }(B=0)$$\end{document}$.
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To sum up, we observe that the interrelation between superconducting film's sheet resistance in the maximum, $\documentclass[12pt]{minimal}
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Suppression of superconductivity {#Sec5}
--------------------------------

Now we discuss the possible scenarios of suppression of the superconductivity in our system. The transition into a superconducting state in thin films is a two-stage process. First, the finite amplitude of the order parameter forms at the superconducting critical temperature $\documentclass[12pt]{minimal}
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The fabrication is built upon the Atomic Layer Deposition technique. The structure of films grown on Si substrates with AlN buffer layers was investigated using a JEOL-4000EX electron microscope operated at 400 kV, with a point-to-point resolution of 0.16nm and a line resolution of 0.1 nm.
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